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Abstract

We tabulate values of the radial Schrédinger wave function or its first nonva-
nishing derivative at zero quark-antiquark separation, for c¢, cb, and bb levels
that lie below, or just above, flavor threshold. These quantities are essential

inputs for evaluating production cross sections for quarkonium states.
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V(r) = —0.6635 GeV + (0.733 GeV)log (r-1 GeV) , (4)
with
m. = 1.5 GeV/c? my = 4.906 GeV/c? ; (5)

and a Coulomb-plus-linear potential (the “Cornell potential”) [8],

K T
Vi) =T+, (6)
with
m. = 1.84 GeV/c? my = 5.18 GeV/c® (7N
k=052 a=234GeV™' . (8)

For quarks bound in a central potential, it is convenient to separate the Schrodinger
wave function into radial and angular pieces as U, (7) = Rue(r)Yem (6, ¢), where n is the
principal quantum number, £ and m are the orbital angular momentum and its projection,
R,(r) is the radial wave function, and Yz, (9, ¢) is a spherical harmonic [9]. The Schrédinger
wave function is normalized, [ @37 W, sm(7)|2 = 1, so that [;° r’dr|R.(r)| = 1. The value of
the radial wave function, or its first nonvanishing derivative at the origin,

RO = &

ho = (9
is required to evaluate production rates through parton fragmentation. The quantity
|R£fl)(0)|2 is presented for four potentials in Table I for the narrow charmonium levels and
in Table II for the narrow Upsilon levels. For ease of reference, we reproduce in Table I1I
our predictions [3] for the B, wave functions, with some computational improvements in the
entries for the Cornell potential. The strong Coulomb singularity of the Cornell potential is
reflected in spatially smaller states.

In view of the efforts [10] to resolve the ¥’ anomaly with cascades from above-threshold
states, we quote values for the ¢z 3D, 3P, and 3S levels that lie near 3.8, 3.9, and 4.0 GeV/c?,

respectively, and for the bb 4F, 4D, 4P, and 4S levels that lie near 10.35, 10.45, 10.52, and

3



REFERENCES

(1] E. Braaten and T. C. Yuan, Phys. Rev. Lett. 71, 1673 (1993); C.-H. Chang and Yu-Qi
Chen, Phys. Lett. B 284, 127 (1991), Phys. Rev. D 46, 3845 (1992). For applications
to the ¢’ puzzle, see E. Braaten, et al., Phys. Lett. B 333, 548 (1994); M. Cacciari and
M. Greco, Phys. Rev. Lett. 73, 1586 (1994).

[2] CDF Collaboration, “Jfp, ¥’ — p*u~ and B — Jhp, 9’ Cross Sections,” FERMILAB-
CONF-94/136-E, contribution GLS0208 to the 1994 International Conference on High

Energy Physics, Glasgow.
[3] E. Eichten and C. Quigg, Phys. Rev. D 49, 5845 (1994).

(4] Eric Braaten, Kingman Cheung, and Tzu Chiang Yuan, Phys. Rev. D 48, R5049 (1993);
Kingman Cheung, Phys. Rev. Lett. 71, 3413 (1993); Kingman Cheung and Tzu Chiang
Yuan, Phys. Lett. B 325, 481 (1994); Kingman Cheung and Tzu Chiang Yuan, “s-wave
and p-wave B, Production at Hadron Colliders by Heavy Quark Fragmentation,” North-
western University preprint NUHEP-TH-94-20 (bulletin board: hep-ph/9409353). See
also Chao-Hsi Chang and Yu-Qi Chen, Phys. Rev. D 48, 4086 (1993); Chao-Hsi Chang,
Yu-Qi Chen, Guo-Ping Han, and Hong-Tan Jiang, “On Hadronic Production of the B,
Meson,” Academia Sinica preprint AS-ITP-94-24 (bulletin board: hep-ph/9408242).

[5) W. Buchmiiller and S.-H. H. Tye, Phys. Rev. D 24, 132 (1981).

[6] A. Martin, Phys. Lett. B 93, 338 (1980); in Heavy Flavours and High Energy Collisions
in the 1-100 TeV Range, edited by A. Ali and L. Cifarelli (Plenum Press, New York,
1989), p. 141.

[7] C. Quigg and J. L. Rosner, Phys. Lett. B 71, 153 (1977).

[8] E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, T.-M. Yan, Phys. Rev. D 17, 3090
(1978); ibid. 21, 313(E) (1980); ibid. 21, 203 (1980).

[9] We adopt the standard normalization, [dQ Y, (8, 8)Yem/(0,¢) = bep bmm:. See, for

5



TABLES

TABLE I. Radial wave functions at the origin and related quantities for ¢ mesons.

Level !RS?(O)P
QCD (B-T), Ref. [5)  Power-law, Ref. [6]  Logarithmic, Ref. [7]  Cornell, Ref. 8]
1S 0.810 GeV3 0.999 GeV3 0.815 GeV3 1.454 GeV3
2P 0.075 GeV* 0.125 GeV?® 0.078 GeV? 0.131 GeV®
28 0.529 GeV3 0.559 GeV3 0.418 GeV3 0.927 GeV?
3D 0.015 GeV~ 0.026 GeV” 0.012 GeV” 0.031 GeV’
3P 0.102 GeV® 0.131 GeV® 0.076 GeV® 0.186 GeV?®
3S 0.455 GeV3 0.410 GeV? 0.286 GeV?3 0.791 GeV?3




TABLE III. Radial wave functions at the origin and related quantities for cb mesons.

Level |R£fe)(0)]2
QCD (B-T), Ref. [5]  Power-law, Ref. [6]  Logarithmic, Ref. [7]  Cornell, Ref. [8]
18 1.642 GeV3 1.710 GeV?3 1.508 GeV?3 3.184 GeV3
2P 0.201 GeV® 0.327 GeV?® 0.239 GeV?® 0.342 GeV?®
28 0.983 GéVs 0.950 GeV3 0.770 GeV? 1.764 GeV?
3D 0.055 GeV” 0.101 GeV” 0.055 GeV7” 0.102 GeV”
3P 0.264 GeV? 0.352 GeV® 0.239 GeV® 0.461 GeV®
3S 0.817 GeV? 0.680 GeV?3 0.563 GeV?3 1.444 GeV?




